Objective. To examine the effects of treatment with belimumab on corticosteroid dose in patients with systemic lupus erythematosus (SLE) over 52 weeks in 2 randomized, controlled trials.
The long-term prognosis of systemic lupus erythematosus (SLE) remains unsatisfactory (1) (2) (3) (4) . Long-term consequences of the disease and its treatment continue to accumulate in many patients, and significant increases in various comorbidities, such as cardiovascular disease, are often seen (5-7). It is not completely clear what proportion of long-term complications is due to SLE itself and what proportion is a consequence of continuing exposure to SLE medications, most notably corticosteroids; most experts believe that both contribute (7) . A number of studies have demonstrated that corticosteroid use is a key factor in organ damage accrual in patients with SLE, and the risk of organ damage increases with increasing corticosteroid dose (8) (9) (10) (11) (12) (13) . Thus, one of the major goals of SLE therapy is to reduce overall cumulative corticosteroid exposure, and it has been suggested that treatment regimens should be evaluated for "corticosteroid-sparing" effects (14, 15) .
Belimumab is a monoclonal antibody directed against B lymphocyte stimulator (16). In 2 large randomized, controlled trials, the Study of Belimumab in Subjects with SLE 52-week (BLISS-52) and 76-week (BLISS-76) trials, belimumab plus standard therapy reduced SLE disease activity compared with standard therapy alone (placebo) (17, 18) . These trials featured a pragmatic design whereby background medications could be adjusted to some extent, based on the patient's condition. Thus, during several periods of the trial, corticosteroid doses could be increased if the patient experienced worsening symptoms, and decreased if the symptoms were reduced. This flexibility in the BLISS-52 and BLISS-76 trial designs supported a post hoc analysis of the combined data set to examine the overall effect of increases or decreases in corticosteroid dose, and whether there was a difference between patients who received belimumab and those who received placebo. We anticipated an overall reduction in cumulative or average daily corticosteroid exposure, and hypothesized that belimumab would permit a greater reduction than placebo.
PATIENTS AND METHODS
Study design. Data from the BLISS trials were pooled post hoc (GSK200317). Patients who were randomized to receive belimumab 10 mg/kg (the licensed dose) plus standard therapy or placebo plus standard therapy were included (n 5 1,125), and patients who were treated with corticosteroids at baseline were analyzed. The study design and findings of the BLISS-52 trial (n 5 865) (ClinicalTrials.gov identifier: NCT00424476; GSK110751) and BLISS-76 trial (n 5 819) (ClinicalTrials.gov identifier: NCT00410384; GSK110752) have been reported previously (17, 18) . Briefly, patients were randomized to receive belimumab 1 mg/kg or 10 mg/kg plus standard therapy or placebo plus standard therapy by intravenous (IV) infusion on days 0, 14, and 28, and then every 28 days until week 48 (BLISS-52) or week 72 (BLISS-76). Changes in corticosteroid dose were permitted during the first 24 weeks of the BLISS trials. Increases in corticosteroid dose (above baseline or week 44 dose) were not allowed during weeks 44-52. During weeks 24-52, treatment was deemed to have failed if the total systemic corticosteroid dose was .25% or 5 mg higher than the baseline corticosteroid dose (whichever was higher).
In this post hoc analysis, changes from baseline in cumulative corticosteroid dose were compared over 52 weeks.
Baseline dose was defined as the average corticosteroid dose (prednisone equivalent for all oral, IV, subcutaneous [SC], or intramuscular [IM] administrations) over the 7 days prior to, but not including, day 0; this was used to model the normalized cumulative baseline dose over 52 weeks. Actual cumulative corticosteroid dose (prednisone equivalent for all oral, IV, SC, or IM administrations) over 52 weeks was calculated. In the primary analysis, to calculate the cumulative change over the remaining study period for patients who withdrew prior to week 52, last corticosteroid dose was calculated by imputing the average corticosteroid dose over the 7 days (primary method of imputation) prior to withdrawal. Two sensitivity analyses were conducted for withdrawals to examine the possible impact of pulse steroid administration: imputing the average corticosteroid dose over the previous 28 days among patients who had completed $8 weeks of treatment, and imputing the average dose for the entire treatment period that the patient was in the study.
Study end points. The primary end point was the net cumulative change from baseline in corticosteroid dose, defined as the net change from baseline in daily corticosteroid dose (all routes of administration) from day 0 to day 364. Secondary end points included cumulative decrease in corticosteroid dose, defined as the sum of change from baseline (area under the curve [AUC]) in daily corticosteroid dose on days the dose was less than baseline (from day 0 to day 364); cumulative increase in corticosteroid dose, defined as the sum of change from baseline (AUC) in daily corticosteroid dose on days the dose was greater than baseline (from day 0 to day 364); and change from baseline in average daily corticosteroid dose, defined as the net cumulative change from baseline in corticosteroid dose divided by the total number of follow-up days. Average daily increase or decrease in corticosteroid dose over the study period (defined as cumulative increase or decrease in corticosteroid dose divided by the total number of follow-up days) and the percentage of patients who had an increase or decrease in dose were exploratory end points. In further post hoc analyses, changes in corticosteroid dose were also calculated among patients who had an SLE Responder Index (SRI) response during the BLISS trials, and changes in body weight, blood pressure (BP), and glucose levels for those patients in the highest and lowest quartiles for cumulative corticosteroid dose were examined.
The primary population for analysis included all patients who received corticosteroids at baseline. In addition, a subgroup with high disease activity, defined as patients with serologically active disease who were anti-double-stranded DNA (anti-dsDNA) positive and had low complement levels at baseline, was analyzed. This serologic definition of high disease activity is associated with more severe disease, and therefore this population is of particular interest (19, 20) .
All end points were analyzed in further post hoc analyses that included only oral corticosteroid doses. To capture patients who withdrew prior to week 52, oral corticosteroid dose was calculated by imputing the average dose over the 7 days (primary method of imputation) prior to withdrawal. A sensitivity analysis was also conducted, imputing the entire treatment period for patients who withdrew.
Adverse events (AEs) were summarized by treatment group and according to the highest and lowest quartiles for cumulative corticosteroid dose (for all routes of administration and for oral corticosteroids only [post hoc analysis]).
Statistical analysis. The original BLISS trials were not designed to examine corticosteroid management and were not powered to examine changes in corticosteroid dose; this post hoc analysis was conducted to assess trends in cumulative corticosteroid dose changes over 52 weeks. Rank analysis of covariance with a 2-sided alpha level of 0.05 was applied to corticosteroid dose end points to compare treatment groups. Covariates in the model included treatment group, baseline prednisone dosage (mg/day), baseline Safety of Estrogens in Lupus Erythematosus National Assessment (SELENA) version of the SLE Disease Activity Index (SLEDAI) score (#9 versus $10), baseline proteinuria level (,2 gm/24 hours versus $2 gm/24 hours equivalent), and race (African descent or American Indian descent versus other). No correction for multiple comparisons was conducted.
RESULTS
Patient population. At baseline, 86% of the study population (966 of 1,125 patients) received corticosteroid therapy; 478 of these patients were randomized to receive belimumab 10 mg/kg plus standard therapy and 488 to receive placebo plus standard therapy. Baseline demographic and clinical characteristics for patients receiving corticosteroids were similar between treatment groups (Table 1) . Overall, the majority were women (94%), their mean age was 37.1 years, and the mean corticosteroid dosage (prednisone equivalent) was 12.5 mg/day. The mean SELENA-SLEDAI score was 9.8, and 71.5% of the patients were anti-dsDNA positive. There were 537 patients with high disease activity (275 in the group treated with belimumab 10 mg/kg and 262 in the group treated with placebo).
The percentage of patients who withdrew from the study was higher in the group treated with placebo than in the group treated with belimumab 10 mg/kg. In the placebo-treated group, 7.6% of the patients (37 of 488) withdrew before week 24, and 17.5% of the patients (79 of 451) withdrew at week 24 or later. In the belimumabtreated group, 6.3% of the patients (30 of 478) withdrew before week 24 and 13.4% of the patients (60 of 448) withdrew at week 24 or later.
Route of administration of corticosteroids. During the study the percentage of patients receiving IV or parenteral steroids was similar between treatment groups. In the group receiving placebo, 11.1% (55 of 488) received IV steroids, 5.1% (25 of 488) received parenteral steroids, and 15.0% (73 of 488) received both IV and parenteral steroids. In the group receiving belimumab 10 mg/kg, 11.6% (56 of 478) received IV steroids, 3.7% (18 of 478) received parenteral steroids, and 14.6% (70 of 478) received both IV and parenteral steroids.
Cumulative change in corticosteroid dose. The overall mean cumulative change in corticosteroid dose † Twenty-four-hour equivalent as measured by spot urine protein-to-creatinine ratio. ‡ Maximum titer of the individual patterns. § A high disease activity subgroup included 537 patients who were anti-double-stranded DNA (antidsDNA) positive and had low C3 and C4 levels (275 were receiving belimumab 10 mg/kg and 262 were receiving placebo).
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from baseline to 52 weeks (primary end point) was 531 mg in the group receiving belimumab 10 mg/kg compared with 916 mg in the group receiving placebo (P , 0.0001) ( Figure 1A ). This smaller overall increase in the belimumab-treated group occurred as the mean of all cumulative decreases in corticosteroid dose was greater in the belimumab-treated group than in the placebotreated group, while the mean of all cumulative increases was greater in the placebo-treated group than in the belimumab-treated group ( Figures 1B and C) . The sensitivity analysis using the average corticosteroid dose over the previous 28 days (among patients who had completed $8 weeks of the study) showed results similar to the primary end point; the overall mean cumulative change was 599 mg in the belimumab 10 mg/kg-treated group compared with 923 mg in the placebo-treated group (P 5 0.0124). However, when the entire treatment period was imputed for patients who withdrew, the overall change was 645 mg for belimumab 10 mg/kg compared with 616 mg for placebo (P 5 0.0180).
Supplementary Figure 1A , available on the Arthritis & Rheumatology web site at http://onlinelibrary. wiley.com/doi/10.1002/art.39682/abstract, illustrates that changes in cumulative steroid dose between the 30th and 70th percentiles were similar between the patients treated with belimumab 10 mg/kg and those treated with placebo. However, above the 70th percentile, increases in cumulative steroid doses appeared generally greater for the placebo-treated group than for the belimumab 10 mg/kg-treated group.
The overall mean cumulative change from baseline was 1,015 mg for belimumab compared with 1,560 mg for placebo (P 5 0.0015) in the high disease activity subgroup (Supplementary Figure 2 , available on the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/ doi/10.1002/art.39682/abstract).
Change in daily corticosteroid dose. The mean overall change in daily corticosteroid dose from baseline to 52 weeks was 1.5 mg for patients receiving belimumab 10 mg/kg and 2.5 mg for patients receiving placebo (P , 0.0001) ( Figure 1D ). As with the cumulative dose, this smaller overall increase in daily dose with belimumab was brought about by a greater mean daily decrease and a smaller mean daily increase with belimumab than with placebo ( Figures 1E and F) . Similar results were observed in the high disease activity subgroup (mean overall change 2.8 mg/day versus 4.3 mg/day; P 5 0.0015) (Supplementary Figure 2) . Figure 1 . Change in corticosteroid dose (all routes of administration) for patients treated with belimumab 10 mg/kg and patients treated with placebo. A-C, Mean cumulative change from baseline in corticosteroid dose over 52 weeks. Cumulative decrease was defined as the area under the curve (AUC) for days on which the change from baseline was ,0. Cumulative increase was defined as the AUC for days on which the change from baseline was .0. D-F, Mean change in daily corticosteroid dose over 52 weeks (7-day imputation). Daily change was defined as cumulative change from baseline in corticosteroid dose divided by the total number of follow-up days. All doses were normalized based on the number of days the patient was in the study.
An overall increase in corticosteroid dose over 52 weeks was observed in 22.6% of the patients who received belimumab 10 mg/kg compared with 35.0% of the patients who received placebo. Conversely, a decrease in corticosteroid dose was observed in a greater proportion of patients who received belimumab 10 mg/kg compared with patients who received placebo (37.0% versus 29.7%).
Change in oral corticosteroid dose. There was an overall mean cumulative decrease from baseline in oral corticosteroid dose of 376.7 mg for the belimumab 10 mg/kg-treated group compared with an increase of 70.0 mg for the placebo-treated group (P , 0.0001) (Figures  2A-C) . In the sensitivity analysis, the overall mean cumulative dose increased by 301 mg for patients receiving belimumab 10 mg/kg compared with 427 mg for patients receiving placebo (P 5 0.0108) when imputing the entire study period for patients who withdrew (average dose for the entire treatment period that the patient remained in the study was imputed). The mean decrease from baseline in daily oral corticosteroid dose was 1.0 mg for the patients Figure 2 . Change in oral corticosteroid dose for patients treated with belimumab 10 mg/kg and patients treated with placebo. A-C, Mean cumulative change from baseline in oral corticosteroid dose over 52 weeks. Cumulative decrease was defined as the area under the curve (AUC) for days on which the change from baseline was ,0. Cumulative increase was defined as the AUC for days on which the change from baseline was .0. D-F, Mean change in daily oral corticosteroid dose over 52 weeks (7-day imputation). Daily change was defined as cumulative change from baseline in oral corticosteroid dose divided by the total number of follow-up days. All doses were normalized based on the number of days the patient was in the study. receiving belimumab compared with an increase of 0.2 mg for the patients receiving placebo (P , 0.0001) ( Figures  2D-F ). An overall increase in oral corticosteroid dose over 52 weeks was observed in 18.4% of the patients who received belimumab 10 mg/kg compared with 30.7% of the patients who received placebo. Conversely, a decrease in oral corticosteroid dose was observed in more patients who received belimumab 10 mg/kg than in patients who received placebo (38.5% versus 30.9%).
Supplementary Figure 1B shows that when only oral corticosteroids were considered, the differences between the treatment groups when patients were ranked according to cumulative change in dose were more apparent than when all corticosteroids were included. 
CUMULATIVE CORTICOSTEROID USE IN PATIENTS WITH SLE
Cumulative change in corticosteroid dose among SRI responders. Among SRI responders, there was a greater decrease in the mean cumulative change from baseline in total corticosteroid dose for the patients treated with belimumab 10 mg/kg (decrease of 696.5 mg; n 5 254) compared with the patients treated with placebo (decrease of 367.2 mg; n 5 189) (P 5 0.0076). For oral corticosteroids only, the decrease was also greater for the patients treated with belimumab 10 mg/kg (decrease of 725.5 mg; n 5 254) compared with those treated with placebo (decrease of 408.5 mg; n 5 189) (P 5 0.0041).
Changes in weight, BP, and glucose levels for patients in the highest and lowest cumulative corticosteroid dose quartiles. There was a steady weight gain over 52 weeks for patients in the highest quartile of cumulative corticosteroid dose (mean 6 SD change from baseline at week 52 2.5 6 4.66 kg for patients receiving belimumab [n 5 79] and 2.5 6 6.71 kg for patients receiving placebo [n 5 79]), with less weight gain in the lowest quartile (Table 2) . Similarly, weight changes appeared greater in patients in the highest quartile of cumulative oral corticosteroid dose compared with patients in the lowest quartile.
Changes from baseline in systolic and diastolic BP varied over the 52-week period for patients in the highest quartile of cumulative corticosteroid dose, with an overall decrease at week 52 (Table 2 ). For patients in the lowest quartile the decrease in systolic BP appeared slightly larger and the decrease in diastolic BP appeared slightly smaller compared with the highest quartile. Similar results were observed for oral corticosteroids only.
Changes in blood glucose levels over 52 weeks appeared similar between patients in the lowest and highest quartiles of cumulative corticosteroid dose and oral corticosteroid dose, and between patients treated with belimumab and those treated with placebo (Table 2) .
Safety. The overall incidence of AEs, serious AEs, and drug-related AEs was similar across the 2 treatment groups (Table 3 ). The most common drug-related AEs in both treatment groups were headache, upper respiratory tract infection, arthralgia, and urinary tract infection. There was a similar incidence of all infection and infestation AEs (69.7% in the belimumab-treated group and 65.2% in the placebo-treated group) and those classified as serious (6.1% in the belimumab-treated group and 5.9% in the placebo-treated group) in both treatment groups. The overall incidence of AEs, serious AEs, and drug-related AEs was lower among patients in the lowest quartile of cumulative corticosteroid dose compared with those in the highest quartile of cumulative corticosteroid dose for both treatment groups. However, the difference was generally greater in patients receiving belimumab 10 mg/kg compared with those receiving placebo. 
DISCUSSION
This post hoc analysis of the combined BLISS-52 and BLISS-76 data sets demonstrates that, over 52 weeks of treatment, corticosteroid doses were decreased more often, and were increased less often, in the belimumabtreated group than in the placebo-treated group. Overall, the mean cumulative dose and the mean daily dose increased for patients in both groups, but to a lesser extent in the belimumab-treated group than in the placebotreated group. However, according to the sensitivity analysis (nonparametric statistical analysis) where the entire treatment period was imputed for those patients who withdrew, the increase in overall mean cumulative change in corticosteroids was greater for the patients treated with belimumab 10 mg/kg than for the patients treated with placebo. This paradoxical result is most likely related to the highly skewed distribution of corticosteroid doses in the population, underscoring that nonparametric statistics are appropriate in this case.
Unexpectedly, overall exposure to all corticosteroids increased on average for both treatment groups during these trials. In retrospect, this is perhaps not surprising. The patient population in these trials had longstanding, moderate to highly active SLE despite ongoing background therapy with antimalarials, immunosuppressive agents, and corticosteroids (17, 18) . Such patients are at considerable risk of disease flare, and during the trials flares were commonly treated with increases in corticosteroid dose. Such dose increases would typically be moderate to large in size. In contrast, for patients with positive outcomes during the trial it was possible to reduce the corticosteroid dose, as evidenced by the decrease in doses of both all corticosteroids and oral corticosteroids in SRI responders. However, typical dose reductions would have been cautious and of smaller magnitude than increases; thus, it is apparent that the fewer large increases in doses outweighed the more numerous but much smaller dose reductions during the trials.
Our results underscore the great need for effective corticosteroid-sparing treatments and strategies in SLE. The cumulative exposures seen in this study are at levels expected to result in considerable long-term toxicities. Yet, the AE data did not reveal consistent differences indicating toxicities. We speculate that any differences in 2190 VAN VOLLENHOVEN ET AL the long-term consequences of changes in corticosteroid treatment would require longer follow-up, beyond 1 year, to become measureable. Belimumab was associated with a greater likelihood of corticosteroid dose reduction and a greater average reduction, and conversely with a lower likelihood of dose increase and a smaller average increase, for both all corticosteroids and oral corticosteroids only. Thus, the data support the consideration of belimumab as a potential steroid-sparing medication. The numerical differences were not dramatic, which may be related to the fact that this trial was not designed with the primary goal of examining belimumab for potential steroid-sparing properties. A forced-steroid-taper design such as has been used previously in trials of prasterone (21) and abatacept (22) might more clearly demonstrate corticosteroid-sparing efficacy for belimumab.
Incidences of AEs were similar across the 2 treatment groups and were consistent with the known safety profile of belimumab.
Limitations to the interpretation of these data include the post hoc nature of the analyses, the fact that corticosteroid dose changes were not prescribed in detail by the protocol, the need for statistical imputations of some data, the mixing of oral and parenteral corticosteroids for some analyses, and the lack of power for detecting uncommon corticosteroid-related side effects. Strengths of the study include the robust combined-trial sample size and the detailed documentation of corticosteroid doses at the monthly study visits.
In summary, this combined post hoc analysis of data from the BLISS-52 and BLISS-76 clinical trials shows that 1 year of treatment with belimumab plus standard therapy is associated with a reduction in the frequency of corticosteroid dose increases, an increase in the frequency of dose decreases, and favorable differences in the magnitude of these corticosteroid dosing changes compared with standard therapy alone. Taken together, these findings support the hypothesis that belimumab may be a corticosteroid-sparing agent in the treatment of SLE.
